Access to safe water has tremendous direct and indirect impacts on poverty-related outcomes. In Mexico, economies of scale in water provision justify bulk provision of water, such that it is collectively rational to invest heavily in capital for infrastructure development. This is compounded by the fact that water utilities are highly capital-intensive. We analyze two distinct types of subsidies prevalent in the residential water sector. We exploit a household socio-economic module with detailed water services information from the 2014 National Income and Expenditure Survey in Mexico. We combined this data with a unique dataset from water operators in Mexico (PIGOO). We estimate economic (considering operating costs) and direct (considering household's water payments) subsidies targeted to residential water tariff subsidies. Large heterogeneity in the direct subsidy incidence is found, which partly explains the distortions and wide differences in tariffs and total amount paid for water among different segments of the income distribution. The Omega Indicators (Ω), defined as the proportion of the subsidies received by the poor divided by the proportion of households in the total population in poverty, is less than one, implying that wealthy populations benefit more from water subsidies (economic and direct) than the poor.
Introduction
Access to safe drinking water has been recognized internationally as a basic human need. In Mexico, subsidies for residential water services are aimed at increasing coverage and achieving universal access for the poorest [1] . The rationale behind water subsidies in Mexico is to improve the social welfare of the poor by facilitating their access to and use of water services, as well as to redistribute resources to increase their ability to afford water tariffs. The arguments in favor of water subsidies are countered by two main concerns: such subsidies are frequently seen as causing resource-use inefficiencies, as well as financial weakness in service providers, all of which hamper efforts to improve and expand services [2] [3] [4] . Those adverse consequences have repeatedly been used to argue against charging consumers less than the cost of service. The impact of subsidies on both counts has been the subject of much controversy and discussion. At present, and in light of the Sustainable Development Goals (SDGs), the debate has gained renewed importance as governments strive to ensure access to minimal levels of such services for all citizens, while seeking to recover a larger share of the costs of service provider operations to produce the resources required to sustain service and improve quality. This paper tackles a pressing issue that has been dragging on in Mexico for at least the last two decades-the large and growing subsidies to residential consumers in the water and sanitation sector. Moreover, it seeks to provide an overview of the subsidy incidence within the water sector in Mexico by looking at its organization, regulation, and institutions; an understanding of its tariff structure and 1.
Are existing subsidies effective at ensuring affordability for the poorest in society? 2.
What is the proportion of subsidies reaching the poor? 3.
Do the poor tend to pay a higher/lower price than the rich for water? 4.
What are the key determinants of targeting performance (access and subsidy design factors)?
To answer these questions and contribute to the systematic study of subsidy incidence and targeting performance in Latin America, this paper presents a distinct analysis of two types of subsidies drawn for the residential water sector in Mexico. We perform our own analysis and estimation of subsidies using a combination of the Household Income and Expenditure National Survey (Encuesta Nacional de Ingreso y Gasto de los Hogares, ENIG) database and the Program of Indicators of Management of Operating Organizations (Programa de Indicadores de Gestión de Organismos Operadores, PIGOO) database. We estimate an economic subsidy (considering operating costs) and a direct subsidy (considering household's water payments) targeted at residential water tariff subsidies.
Results show large heterogeneity in the direct subsidy, which partly explains the distortions and wide differences in tariffs and total amount paid for water among different segments of the income distribution. A general finding of this research is that quantity-based consumption subsidies (increasing block tariffs, IBTs) do not perform well in Mexico and are significantly regressive. The Omega Indicators (Ω) (defined as the proportion of the subsidies received by the poor, divided by the proportion of households in the total population in poverty) is less than one, implying that wealthy populations benefit more from water subsidies (economic and direct) than the poor.
The paper is organized as follows: Section 2 offers a brief literature review of the research that most influenced this study and gives a general overview of the water sector in Mexico, briefly discussing relevant topics in the institutional and tariffs structures, as well as in investment and management in the sector. Section 3 discusses the methods of the incidence analysis of water subsidies in Mexico. Section 4 introduces the results of the subsidy performance, the beneficiary incidence, and the overall impact of the subsidy. Section 5 presents an abridged discussion on the four central questions raised above and summarizes the main findings of the paper.
Literature Review
While consumer utility subsidies are prevalent in several sectors that provide residential public services, their effectiveness in reaching and distributing resources to the poor is the subject of much debate in the literature. Komives et al. [2] published a seminal study-"Water, Electricity, and the Poor: Who Benefits from Utility Subsidies?"-which attempted to elucidate who the real beneficiaries of utility subsides in the water and electricity sector were. In the study, they used empirical evidence on subsidy performance across a wide range of countries, among them Mexico. The study details the prevalence of consumer subsidies, provides a typology of the many variants of consumer utility subsidy found in the developing world, and presents several indicators useful in evaluating the degree to which such subsidies benefit the poor, focusing on three key concepts: beneficiary incidence, benefit incidence, and materiality. Komives et al. [2] find that achieving a full-cost recovery in water and electricity services has proved elusive even in those countries that have had the political will to pursue this goal. Subsidies are, the authors argue, likely to remain an important component of utility service pricing over the medium-term. They conclude that the pertinent policy questions thus concern how to improve the performance of utility subsidies, keep them as small as practically possible, limit the extent to which they undermine the performance of the sector, and decide when there may be other (perhaps more effective) means of achieving policy objectives.
One year later, the same authors published a paper titled "The Distributional Incidence of Residential Water and Electricity Subsidies". In it, Komives et al. [3] state that subsidies for residential utility customers are seen as a way to help make utility service affordable for poor households and as an alternative mechanism for income redistribution. However, these arguments in favor of subsidies are opposed by serious concerns about their adverse effects on consumer behavior, utility operations, and the financial health of utilities. The authors contend that both the affordability and redistributive arguments for subsidies are based on the assumption that poor households benefit disproportionately from water and electricity subsidies by being well-targeted to the poor.
Komives et al. [3] test this assumption by examining the extent to which the poor benefit from consumption and connection subsidies for water and electricity services. After analyzing a wide range of subsidy models from around the developing world, they conclude that the most common form of utility subsidy-quantity-based subsidies delivered through the tariff structure (e.g., increasing block tariff (IBT) or volume-differentiated tariff (VDT)-are highly regressive. They also conclude that geographically-targeted or means-tested subsidies do better, and in many cases have a progressive incidence, though large numbers of poor households remain excluded. Additionally, they state that alternative forms of targeting can contribute to an improvement in targeting performance, whether they are used as the sole targeting mechanism or used in combination with quantity targeting. However, while these alternatives improve targeting, they do nothing to address the underlying access differential between the poor and non-poor. Therefore, there is a limit on the extent to which targeting performance of consumption subsidies can be improved through such approaches [3] . Moreover, they find that low levels of coverage and metering significantly limit the effectiveness of consumption subsidy schemes to reach the poor. By performing simulations, the authors suggest that connection subsidies are an appealing alternative for low coverage areas, but only if utilities have the means and motivation to extend network access to poor households and only if those households choose to connect.
With respect to the Latin American region, some works have looked at the incidence of the federal subsidies to residential public services. This body of research has found that although subsidies can be a tool to protect the poor, a large share have been absorbed by upper classes and non-residential consumers in Argentina [5] , and that depending on the targeting strategy, the effectiveness of the subsidy at reaching poor households might be moderate as described by Contreras, Gomez-Lobo, and Palma [6] in Chile and Colombia [7] , or even decrease the proportion of poor households receiving benefits as mentioned by Barde and Lehmann [8] for the case of Peru. For the special case of Mexico City, Morales-Novelo et al. [9] have shown that residential water subsidies have a regressive structure benefiting wealthier households more heavily than poorer families in the city.
As described above, residential utility subsidies are one mechanism to secure accessibility and affordability of WASH services among low-income families. However, policy makers should be aware of the unintended consequences that subsidies might have on utilization and the sustainability of the water sector, when designing these benefits. For example, Quadri de la Torre [10] affirms that water subsidies have a direct effect on consumption patterns, and that they might increase waste among households and other productive sectors. Similarly, water subsidies might induce budget insufficiencies that prevent not only the creation of new infrastructure, but also the proper maintenance of the existing one resulting in significant environment losses. Water subsidies in urban areas hinder investment and operation of wastewater treatment plants, resulting in the contamination of rivers, continental bodies, and coastal waters [10] . These negative effects of subsidies on infrastructure have also been observed in Argentina, where energy and transport subsidies have weakened the country's fiscal capacity while becoming a fiscal burden [5] , and in Central America, where implicit generalized subsidies have produce a decapitalization of the water sector [11] .
Improving access through new infrastructure has an important effect of the efficiency of water subsidies [12] . Thus, water tariffs and their subsidies should be defined carefully to secure accessibility among the poor, but without affecting the viability of the sector by reflecting the true opportunity cost of water and the recovery of investments and operating costs in the entire public service cycle from supply, sewerage and drainage, and treatment [13] . Nauges and Whittington [14] and Whittington et al. [15] show that IBTs perform poorly in targeting subsidies to the poor. These tariff schemes also introduce price distortions that create economic efficiency losses, though welfare losses are relatively low. Barde and Lehmann [8] show that means-tested tariffs distribute more income to the poor than increasing block tariffs, but without also adding volumetric targeting the share of poor consumers benefiting from water subsidies would still be lower than it is with only means-tested tariffs. The means-tested tariffs clearly outperform IBTs in terms of excluding non-poor customers from being subsidized, which improves the distributional impacts of subsidies. Molinos and Donoso [16] propose a water subsidized rate that incentivizes water use sustainability and equity among consumers.
Finally, Angeles-Castro, Arriola-Barcenas, and Baeza-Almaraz [1] discuss the determinants of water utility's efficiency. They do a panel data analysis across 368 water utilities in Mexico over the period 2010-2014. Results show that small and medium water utilities are more efficient than large providers, and that increasing production is associated with less efficiency. Small firms do not require metering consumption by service to increase efficiency, while medium and large firms do require it. Billing, income collection, and profitability are relevant factors for improving efficiency. From the analysis, the authors draw a set of policy recommendations which is summarized as follows: water utilities in small cities should implement a fixed tariffs scheme, while in medium and large cities, they should implement a large coverage of meters. Moreover, the authors argue that large cities should not adopt a single water utility scheme because the disaggregation of the service among several providers can lead to more efficiency. They also consider it relevant to undertake methods to guaranty the collection of the billing and the reduction of water losses. Furthermore, given that the profitability of water utilities is critical for efficiency, utilities require more management autonomy and empowerment [17] to set fair tariff systems that guaranty enough resources to cover the costs and encourage further investment and efficiency. Most importantly, this autonomy should also involve the possibility of allocating funds to innovative activities rather than transferring scarce funds to subsidize water distribution [18] .
Sectoral Framework and Background of Water Tariffs in Mexico
In Mexico, the urban public water supply represents 15 percent of the total national consumption, agricultural use represents 76 percent, and self-supplied industry (e.g., outside the distribution networks in cities, including thermoelectric plants) is 9 percent (Figure 1 ). By law, the provision of drinking-water, sewerage and water treatment services are the responsibility of municipalities, according to Article 115 of the Mexican Constitution. Thus, the provision of these services rests with approximately 2517 municipalities [19] . In the aftermath of the crash of the Mexican economy in 1982, the government of Miguel de la Madrid entrusted municipalities with the provision of water supply and sanitation services under a general decentralization framework. Moreover, state governments were made responsible for technical and financial assistance. They were also authorized to decide a municipality's capacity for providing the services. In most cases, municipalities did not received the necessary financial resources, nor the technical assistance to fulfill their new responsibilities [20] . Moreover, some of the 32 federal states provide these services through state-owned water companies that act on behalf of the municipalities. Some states also have established state water supply agencies that play different roles depending on the state, such as technical assistance to service providers, support in investment planning, and channeling of federal subsidies. In some cases, state agencies provide water and sanitation services directly. In rural areas, the Water Boards (Juntas de Agua) are responsible for supplying water and sanitation services.
The National Water Commission (Comisión Nacional del Agua, CONAGUA) sets the federal policies for water and sanitation. It was created in 1989 and became a well-established autonomous entity under the Ministry of Environment and Natural Resources. CONAGUA [21] plays a key role in the sector's financial allocation. Besides water supply and sanitation, it is also responsible for water resources management, irrigation, flood protection, and personnel services. At the regional level, responsibility for water supply and sanitation vary among the 32 Mexican states. Most of them have created State Water Commissions (Comisión Estatal de Agua, CEA), which are autonomous agencies that are usually under the authority of the State Ministry of Public Works. Their attributions differ widely among states. Most of them provide technical assistance to municipalities and some operate water distribution systems. Some also monitor data on the performance of service providers, but rarely are these data aggregated into a comprehensive information system. The CEAs are not regulators, since they do not approve tariffs, which are set at the municipal level or in some cases by State Congresses [20] .
Residential Water Tariffs and Investment
Given that the municipalities are responsible for the provision of drinking-water, sewerage, and water treatment services, drinking-water tariffs are set differently in each municipality, depending on what is established by the legislation of each state. In some states, tariffs are approved by the local congress, while in others they are approved by the governing body/management board of the water agency of the municipality or city, or by the State Water Commission (CEA) [23] . Because the costs in the provision of services vary from one place to another, depending on the processes of supply, purification, distribution, collection, and sewage treatment, there is not a single methodology for setting the tariffs that could be used in all cases [23] .
This results in a wide fluctuation of levels and tariff structures, from service providers that fully recover all costs to those that do not even cover their operating costs [23] . The sector, as a whole, fails to generate enough revenue to cover all costs [20, 23] . On average, only 72 percent of bills are paid. Moreover, 31 percent of water customers are not metered and instead, are charged a flat rate regardless of consumption volume. Generally, commercial and industrial users are charged tariffs close to full the cost of recovery, while residential users are cross-subsidized. Sanitation is normally charged as a small percentage share of the water bill. [20] . About 69 percent of connections are metered and charged through IBTs (in an increasing-block tariff (IBT) scheme, consumers face a low volumetric per-unit price up to a specified quantity (or block), and then for any additional consumption above this quantity, they pay a higher price up to the limit of the second block, and so on [20] that charge reduced rates to low-volume users, but also large volumes of subsidized water to upper-income users [20, 23] . More recent data gathered by the CONAGUA shows that, for a sample of 51 water utilities across the country, only 57 percent of domestic or household connections have micro-meters; ranging from 99 percent of domestic connections with micro-meters installed in places like Ensenada, Queretaro, or Saltillo to zero percent of domestic connections with micro-meters in places like Matamoros, Tlaxcala, or Chilpancingo [23] .
Agriculture 76%
Industry 9%
Public Supply 15% Figure 1 . Percentage of Water Use in Agriculture, Industry and Public Supply, 2016. Source: Authors' elaboration using data from CONAGUA [22] , 2016. At the regional level, responsibility for water supply and sanitation vary among the 32 Mexican states. Most of them have created State Water Commissions (Comisión Estatal de Agua, CEA), which are autonomous agencies that are usually under the authority of the State Ministry of Public Works. Their attributions differ widely among states. Most of them provide technical assistance to municipalities and some operate water distribution systems. Some also monitor data on the performance of service providers, but rarely are these data aggregated into a comprehensive information system. The CEAs are not regulators, since they do not approve tariffs, which are set at the municipal level or in some cases by State Congresses [20] .
Residential Water Tariffs and Investment
Tariffs are determined by type of consumption: domestic, commercial, and industrial. This paper will center on domestic consumption tariffs. On some cases, within this division, there are: (i) water and sanitation tariffs for domestic use of residential type and; and (ii) water and sanitation tariffs for domestic use of popular type. The difference between the first and the second is that the second classification-the so-called 'popular' or 'middle' type tariffs-are tariffs with different types of subsidies granted or authorized by the water and sanitation service provider. Therefore, this type of 'popular' or 'middle' tariffs tend to be smaller than the 'residential' type. However, all service providers do not always apply this domestic tariff differentiation. This paper shows below some data with these two types of tariffs to illustrate the complexity of the tariff system in Mexico (Figures 2 and 3 ). Tariffs are determined by type of consumption: domestic, commercial, and industrial. This paper will center on domestic consumption tariffs. On some cases, within this division, there are: (i) water and sanitation tariffs for domestic use of residential type and; and (ii) water and sanitation tariffs for domestic use of popular type. The difference between the first and the second is that the second classification-the so-called 'popular' or 'middle' type tariffs-are tariffs with different types of subsidies granted or authorized by the water and sanitation service provider. Therefore, this type of 'popular' or 'middle' tariffs tend to be smaller than the 'residential' type. However, all service providers do not always apply this domestic tariff differentiation. This paper shows below some data with these two types of tariffs to illustrate the complexity of the tariff system in Mexico (Figures 2  and 3 ). In Mexico the most common domestic water tariffs are the increasing tariffs-either continuous or tiered (IBTs)-in which there is a fixed charge and a variable charge that changes depending on the per cubic meter consumption; in cases of high consumption this variable charge may significantly increase. The fixed charge is the payment that the user must make regardless of the consumption In Mexico the most common domestic water tariffs are the increasing tariffs-either continuous or tiered (IBTs)-in which there is a fixed charge and a variable charge that changes depending on the per cubic meter consumption; in cases of high consumption this variable charge may significantly increase. The fixed charge is the payment that the user must make regardless of the consumption level and in theory allows to cover the costs of measurement, billing, collection, and administrative expenses for providing the services [23] .
expenses for providing the services [23] . Figure 2 shows in red the fixed charges (or starting charges) in selected cities; these charges show a very variable dispersion, from non-collection-registered in almost a quarter of the cities presented-to the highest fixed charge in Tijuana and Ensenada cities. Likewise, they can be seen in gray the tariffs of drinking-water applied to a consumption of 30 cubic meters per month for domestic consumption in high (level) residential areas. The highest tariffs in this consumption range are registered in the cities of León, Querétaro, and Pachuca. In the same Figure, sewage and sanitation tariffs are shown in green. In some cases, these fees are similar to the drinking-water tariff structures in the sense that they increase as the volume increases. In other cases, they represent a percentage of the charge for drinking-water consumption; this percentage may vary according to what is stated in each legal system of the providers of water services. There are also cases in which these (sewage and sanitation) services are not charged, or at least not explicitly charged as they are integrated into the drinking-water tariff, as in the cases of Aguascalientes, Campeche, Mexico City, Ensenada, León, Mexicali, Mérida, Tijuana and Zacatecas [23] . When comparing tariffs it is important to include all services provided (as shown in the Figure 2 shows in red the fixed charges (or starting charges) in selected cities; these charges show a very variable dispersion, from non-collection-registered in almost a quarter of the cities presented-to the highest fixed charge in Tijuana and Ensenada cities. Likewise, they can be seen in gray the tariffs of drinking-water applied to a consumption of 30 cubic meters per month for domestic consumption in high (level) residential areas. The highest tariffs in this consumption range are registered in the cities of León, Querétaro, and Pachuca.
In the same Figure, sewage and sanitation tariffs are shown in green. In some cases, these fees are similar to the drinking-water tariff structures in the sense that they increase as the volume increases. In other cases, they represent a percentage of the charge for drinking-water consumption; this percentage may vary according to what is stated in each legal system of the providers of water services. There are also cases in which these (sewage and sanitation) services are not charged, or at least not explicitly charged as they are integrated into the drinking-water tariff, as in the cases of Aguascalientes, Campeche, Mexico City, Ensenada, León, Mexicali, Mérida, Tijuana and Zacatecas [23] . When comparing tariffs it is important to include all services provided (as shown in the Figures 2  and 3 ). Otherwise, one might yield the wrong results, as in some cases the cost of additional services such as sewerage collection and sanitation fees might exceed the cost of only water as is the case of Puebla and Pachuca.
In addition, Figure 3 shows the tariffs for domestic use of popular type or its equivalent. As mentioned earlier, there are also domestic ranges denominated 'middle' or 'popular'-where different segments/percentages of the population are found-to which different types of subsidies are granted that are authorized by each provider of water services. Therefore, it is important to bear in mind this difference to correctly interpret the information presented.
Investment in the Water and Sanitation Sector
Significant investments are needed to maintain the required infrastructure to sustain the provision of water and sanitation services. In 2016, the total investments made in the water and sanitation sector were for 34,799 million pesos. Of these, 67 percent were financed by federal resources; 12 percent by state resources; 10 percent by municipal resources; and 11 percent by other sources, including state commissions' investments, credits, and private sector ( Figure 4 ) [23] . As mentioned earlier, private investment in the drinking water and sanitation sector is very limited and is mainly limited to construction-operation-transfer schemes for sewage treatment plants [23] . Hence, Mexico ranks the lowest in terms of water pricing for residential consumption against the OECD countries.
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Significant investments are needed to maintain the required infrastructure to sustain the provision of water and sanitation services. In 2016, the total investments made in the water and sanitation sector were for 34,799 million pesos. Of these, 67 percent were financed by federal resources; 12 percent by state resources; 10 percent by municipal resources; and 11 percent by other sources, including state commissions' investments, credits, and private sector ( Figure 4 ) [23] . As mentioned earlier, private investment in the drinking water and sanitation sector is very limited and is mainly limited to construction-operation-transfer schemes for sewage treatment plants [23] . Hence, Mexico ranks the lowest in terms of water pricing for residential consumption against the OECD countries. Table 1 shows the change on investment levels by origin of resources from 2002 to 2016. The table reveals that the federal government has increases its investments in water and sanitation 10-fold. Municipal governments have a 5-fold increased their investment in the sector. The total investment in the sector has increased more than 3-fold since 2002 [23] . Federal subsidies are channeled through various programs, including specific programs for the sector managed by CONAGUA and the Social Infrastructure Support Fund (Fondo de Apoyo a la Infraestructura Social, FAIS), which transfers to the municipalities certain fiscal revenues that can be used at the discretion of these in different infrastructure sectors [20] .
Others

Residential and Urban Water Subsidies
Subsidies on water services for residential urban use are common in Mexico. Subsidies are granted to domestic users by local governments through their water operating utilities; unlike industrial and services/commercial sectors who pay relatively high fees for the provision of water services. In Mexico, water subsidies have a direct effect on consumption patterns, as well as on the technologies used (e.g., in irrigation), and on the rehabilitation and modernization capacities of public service networks and systems, which results in considerable losses and inefficiencies. Water subsidies in urban residential areas also hinder the financing of investment and operation of wastewater treatment plants, which largely explains the pollution of rivers, continental bodies and coastal waters [10] . Thus, the adverse effects of residential water subsidies range from waste of water to budget insufficiencies that prevent operating companies from offering a high quality service [10] .
It should be noted that their aggregate estimate is very complex. Part of such complexity has to do with the opacity and lack of homogeneous operational and accounting data in many municipalities of the country and in the National Water Commission (CONAGUA), which in principle should act as a regulatory and data reporting entity. In addition, other difficulties for their estimation arise from the different physiographic conditions that impose cost specificities per cubic meter of water and that make comparisons difficult; from the great variability in the quality and coverage of services; from the differences in physical and administrative efficiency of the operating agencies; from the costs of wastewater treatment in cities that have this practice and that therefore impact their expenditures; and, from the discrimination of tariffs between users and the existence of cross subsidies, among others [10] .
Quadri de la Torre [10] offers a simple method for approximating the subsidies to urban residential water by looking at the difference between revenues and operating expenses of water utilities in some of the most important cities in the country, which all together comprise about 40 percent of the population of the country. To this end, Quadri de la Torre used data generated by the Water Advisory Council (Consejo Consultivo del Agua) for its evaluation exercise of Water Management in the Cities of Mexico [24] . The last version of this exercise was carried out in 2011. The Water Advisory Council has not produced new estimates ever since. This data has been gathered from surveys with the water utilities themselves, and with data available on transparency pages in the internet. It is worth noticing that the problem of transparency and availability of data is prevalent among operating agencies and the National Water Commission itself. Given this information gap, it is very difficult to make an approximation of the actual magnitude of the subsidies. The cities included (50 in total) in the following tables are capitals of federal states ( Table 2 ) or, if not capitals, cities with a population of more than 300,000 inhabitants ( Table 3 ). Some of them do not offer data in all the variables used in this exercise. However, it is useful to keep them on the list to compare them with their peers who, in some way or another, are open to public scrutiny [10] . The previous table shows that that the estimate of the total subsidy in the 50 cities considered would be 2146 million pesos in 2010 (around US$172 million of 2010) [10, 24] . Using the 2010 average exchange rate of 1US$ = 12.5 Mexican pesos. This number is obtained through net balances of cities in deficit and in surplus. In absolute terms, the Federal District (Mexico City) grants the largest volume of subsidies to urban residential water in Mexico, and that, according to the method used for the estimation, amounts to more than 1600 million pesos annually (US$128 million of 2010). However, a scale comparison between cities is necessary, which is attained with the coefficient of revenue and expenditure (annual operating result) ( Figure 5 ). When this coefficient is less than one, it could be said that there is an implicit (or potential) subsidy to water for urban residential use in the terms of this analysis [10, 24] . particularly in fast-growing cities. Angeles-Castro et al. [17] , for instance, found that also utilities' size and billing rates explain also the levels of service efficiency and performance. Thus, among the cities with the best operating results (lower implicit net subsidies) are those that generally stand out for good water management, such as León, Mexicali, Cancún, Guadalajara, Saltillo, Tijuana, and Aguascalientes. It should be noted that the only three private operators in Mexico (Cancun, Saltillo, and Aguascalientes) stand out among those that have the best results [10] . As can be seen, the estimation of water subsidies in Mexico is a complex issue. However, the next section presents an original attempt to estimate such subsidies and, in that way, answer the fourth original questions set out in the opening section regarding affordability, incidence, and targeting. 
Methods
Incidence Analysis
The main method is to determine the incidence analysis of water tariff subsidies in Mexico at the residential level. The characteristics of the households in Mexico are shown, to understand better the It is necessary to warn of a potential distortion, particularly in cases where the operating result is favorable (revenue over expenses) because of poor coverage, poor quality of services, and the absence of wastewater treatment systems. In other words, there are water utilities that may have a favorable operating result not because of their well-earned revenues, but because they are not spending efficiently on what is required (e.g., Ecatepec de Morelos and Cd. Nezahualcóyotl). Examples of this are the cities of Ecatepec de Morelos and Cd. Nezahualcóyotl. Their coefficients are of 7.53 and 4.78, respectively. However, these numbers do not correspond to the reality faced by the operating agencies in these two municipalities. In contrast, the water utility of the city of Leon (SAPAL) has a coefficient of 1.46 SAPAL has been recognized as the best-performing water operating agency in the country by the Water Advisory Council, CONAGUA, and ANEAS. At the same time, this water company has received numerous awards for its achievements in financial efficiency, transparency, and quality of service. Nevertheless, it is worth recognizing that recent studies have identified other factors that determine water utilities' efficiency and that poor performance may be a consequence of other important factors such as informal water connections and water thefts, particularly in fast-growing cities. Angeles-Castro et al. [17] , for instance, found that also utilities' size and billing rates explain also the levels of service efficiency and performance.
Thus, among the cities with the best operating results (lower implicit net subsidies) are those that generally stand out for good water management, such as León, Mexicali, Cancún, Guadalajara, Saltillo, Tijuana, and Aguascalientes. It should be noted that the only three private operators in Mexico (Cancun, Saltillo, and Aguascalientes) stand out among those that have the best results [10] . As can be seen, the estimation of water subsidies in Mexico is a complex issue. However, the next section presents an original attempt to estimate such subsidies and, in that way, answer the fourth original questions set out in the opening section regarding affordability, incidence, and targeting.
Methods
Incidence Analysis
The main method is to determine the incidence analysis of water tariff subsidies in Mexico at the residential level. The characteristics of the households in Mexico are shown, to understand better the importance and incidence of water subsidies at the residential level. The following table (Table 4) presents some of the socioeconomic characteristics of the population by income deciles. In addition to the important difference in total household income, notice that there are also important differences in access to WASH services by income deciles. For example, according to the table, 81 percent of households in the poorest income decile have access to piped water, while the coverage rate among the richest decile is of about 98 percent, similarly with access to sanitation facilities and public sewerage. These differences should be pondered carefully when considering the incidence of water subsidies, as it is only those households with access to WASH services the ones benefiting from any subsidy. At the same time, any calculations about subsidy distribution within the population should consider that most of the richest households will benefit from the subsidy, and not all of the poorest households will.
Remember that, in terms of increasing and providing access to WASH services, affordability is a key factor to consider. It is usually accepted that for water to be considered as affordable, it should represent no more than three percent of the household expenditure. We later show that among all deciles of income, the average Mexican household with access to piped water within the property spends less than 2 percent of their total income in water services. The following table (Table 5 ) presents a household average expenditure in water, energy, food, housing, education, and health services by income decile. Notice that in terms of water expenditure the richest households spend about five more times as much as households in the poorest decile, yet in terms of income the richest households make as much as 18 times the quarterly income of the poorest ones. Figure 6 presents the data reported in Table 6 in graphic form. presents a household average expenditure in water, energy, food, housing, education, and health services by income decile. Notice that in terms of water expenditure the richest households spend about five more times as much as households in the poorest decile, yet in terms of income the richest households make as much as 18 times the quarterly income of the poorest ones. Figure 6 presents the data reported in Table 6 in graphic form. In addition to the data presented above, it is also useful to examine what percentage of a household income is spent in some of these categories. The following graph (Figure 7) presents the average household expenditure in water, housing, and electricity by income decile. Notice from the In addition to the data presented above, it is also useful to examine what percentage of a household income is spent in some of these categories. The following graph (Figure 7) presents the average household expenditure in water, housing, and electricity by income decile. Notice from the graph that although housing expenditure varies greatly by decile, water expenditure seems to be decreasing but overall lower than 4 percent of total income. graph that although housing expenditure varies greatly by decile, water expenditure seems to be decreasing but overall lower than 4 percent of total income. 
Residential Water Subsidies
Now that we know the differences in terms of water expenditure across households with different income levels, we are going to explore the incidence of residential water subsidies by household. In order to estimate the subsidy, we need to compute a household's water consumption, the cost of providing water.
In order to compute a household's water consumption, we used data about the characteristics of the dwelling from Mexico's National Survey of Household Income and Expenditure (ENIGH) [25] . This data provided information about a household's reported number of bathrooms (differentiating between full bathrooms, showers, and only WCs), number of washing machines, sinks, and washing sinks. Using this information, we calculated a household's water consumption by multiplying each one of the above items by its monthly average consumption obtained from USGS [26] . For example: a washing machines uses on average, 10 m 3 of water per month, so a household with two washing machines consumes 20 m 3 of water per month. In addition, we also included in our calculations a two liter per day/member of household drinking water consumption.
We recognize that our water consumption estimates are limited to the extent that they assume the same water use per facility across households of all deciles. By assuming the same water requirements for all households, our water consumption estimates would be downward biased for households in the richest deciles and upward biased for those households in the poorest deciles. Despite these limitations, our conclusions about the regressive nature of the subsidies stand stronger, as the actual differences between the estimated cost of water and households' expenditures might be larger than our calculations, which would mean that actual subsidies would be smaller for the poorest 
We recognize that our water consumption estimates are limited to the extent that they assume the same water use per facility across households of all deciles. By assuming the same water requirements for all households, our water consumption estimates would be downward biased for households in the richest deciles and upward biased for those households in the poorest deciles. Despite these limitations, our conclusions about the regressive nature of the subsidies stand stronger, as the actual differences between the estimated cost of water and households' expenditures might be larger than our calculations, which would mean that actual subsidies would be smaller for the poorest households and larger for the wealthiest ones. One potential solution to this issue would be to incorporate an analysis using standard deviations of water consumption. However, this approach may not fully eliminate the bias due to the wide variation of water consumption within and between income deciles. In addition, there are outliers in low-and high-water consumption brackets. Because water is always not necessarily available to all households, we multiply this estimated water consumption of a household by a water availability index. This availability index takes the value of 1 if the household reported to have access to water at all times; of 0.50 if access was reported only every other day; of 0.28 if water was accessible only twice a week: and of 0.14 if the household reported to have access to water only once a week.
To estimate the production cost of water we obtained information from two sources. The first source is Mexico's PIGOO [27] (Programa de Indicadores de Gestión de Organismos Operadores. This organization oversees and evaluates the performance of local organizations in charge of providing water to the population). This data provides information about the total expenditure realized by water provider/management organizations in a year and the total volume of water produced by the same provider/organization. With this information the operating water cost is calculated by dividing total expenditure ($) over the total water produces (m 3 ) at the state level.
The second source of information comes from a recent research by Macroconsulting [28] . In their research, the authors define the efficient cost of providing a service as the cost that would cover all inputs used in the provision of the service at efficient levels. In other words, this cost includes operation, maintenance, and capital costs. According to their estimations, the efficient cost of a m 3 of water in Mexico ascends to US $1.92 ($1.71, as the efficient tariff, plus $0.21 from average water inefficiencies differential).
It is a reality that the poorest households in our study sample are more likely to reside in isolated areas, with poorest infrastructure and thus, with higher efficient costs. We acknowledge the limitations arising from using a single efficient cost per m 3 of water to all households, as we might be underestimating the subsidy received by families in the poorest deciles. However, a more detailed analysis is not possible due to data limitations pertaining the availability efficient cost estimates. Future research should examine this issue by adjusting the efficient cost to different type of geographic regions.
With this information we define economic and direct subsidies as follows: we define as economic subsidy, Subsidy E , the difference between the efficient cost, Cost E f f , and the water operating cost, Cost op .
Similarly, we defined direct subsidy, Subsidy D , as the difference between the operating cost and what a household pays for the service, Expenditure HH .
The following Graph (Figure 8 ) compare the average household expenditure in water with (1) the estimated average economic water subsidy (economic subsidy refers to the implicit subsidy as described previously) and (2) the estimated average direct water subsidy, all by income deciles. Notice from the graph that the estimated subsidies are increasing with respect to a household's income decile, which implies that both subsidies are highly regressive. Also notice that these results correspond only to households with reported access to piped water within their property, meaning that they underestimate how much they benefit rich over poor households, as households in higher income deciles are more likely to have access to piped water than less wealthy households.
Notes: The reported values correspond to the average quarterly expenditure per households. Monetary values are reported in pesos of 2014. Exchange rate $13.84 MX per USD. Estimates representative for 29,386,735 households with access to piped water within the property. The direct subsidy is not necessarily the exact difference between Op. Cost-HH Exp because of other indirect subsidies and transfers in place. Source: Own Calculations with data from ENIGH [25] and PIGOO [27].
The following Graph (Figure 8 ) compare the average household expenditure in water with (1) the estimated average economic water subsidy (economic subsidy refers to the implicit subsidy as described previously) and (2) the estimated average direct water subsidy, all by income deciles. Notice from the graph that the estimated subsidies are increasing with respect to a household's income decile, which implies that both subsidies are highly regressive. Also notice that these results correspond only to households with reported access to piped water within their property, meaning that they underestimate how much they benefit rich over poor households, as households in higher income deciles are more likely to have access to piped water than less wealthy households. 
Results
Subsidy Performance
Now that we have established the distribution of residential water subsidies by income level and geographic location, it is important for our analysis to evaluate the performance of the water subsidy as described by Komives et al. [2] . Following this approach, we are going to evaluate the performance of the subsidy in three dimensions: benefit incidence, beneficiary incidence, and material impact of the subsidy. To evaluate targeting, we are going to use the targeting performance indicator Ω. As explained by Komives et al. [2] , this indicator reflects the proportion of the subsidies received by the poor, divided by the proportion of households in the total population in poverty. An index equal to one, known as a neutral distribution, means that the proportion of the subsidy going to the poor equals their share of the population. Values higher than one are evidence of a progressive subsidy that destines a higher proportion of the subsidy to the poor, while values lower than one suggest a regressive subsidy that benefits wealthier households more heavily.
We estimate the indicator Ω as described by Komives et al. [2] . According to the authors, the equation for Ω is given by the following equation 
Results
Subsidy Performance
We estimate the indicator Ω as described by Komives et al. [2] . According to the authors, the equation for Ω is given by the following equation
where, S p /S H is the share of all subsidies received by the poor, and p/H represent the proportion of households living in poverty as a proportion of the whole population. For calculation purposes and following Komives et al. [2] we consider all households in the bottom 40 percent of income distribution as the poor population. According to our estimates the value for Ω associated with the economic subsidy equals 0.9270, while the Ω associated with the direct subsidy equals 0.9602. According to these values, wealthy populations benefit more from both subsidies than the poor. This is particularly true for the case of economic subsidies.
Beneficiary Incidence
The objective of this performance measure is to evaluate how well the subsidies target beneficiaries. Beneficiary incidence is intended to assess what proportion of poor households does not benefit from the subsidy, also known as error of exclusion, as well as the distribution of beneficiaries by income distribution. Errors of exclusion arise when poor households fail to receive the subsidy. The error is defined as the proportion of poor households that do not receive any subsidy.
The error of exclusion is defined as
where A p is the proportion of poor households with access to the public water network, U p|A . is the proportion of poor households that are actually connected to the network (i.e., that reported having access to piped water within the property, conditional on having access to the public water network), and T p|U is the proportion of connected poor households that actually receive some subsidy. Just as with the previous measure, we consider all households in the bottom 40 percent of income distribution as the poor population. Finally, we assume that a household has access to the public water network if the household reported having access to piped water within the property or if the household reported having access to piped water from a neighbor or from a public pipe. Our estimates suggest that the error of exclusion associated with the economic subsidy equals 19 percent, while the error of exclusion for the direct subsidy equals 30.46 percent. This measure suggests that the economic subsidy happens to be better at targeting poor households, when compared to the case of direct substitutes.
The following graph (Figure 9 ) presents the distribution of beneficiaries by type of subsidies across income deciles, consistent with the error of exclusions presented before. 
/ is the share of all subsidies received by the poor, and / represent the proportion of households living in poverty as a proportion of the whole population. For calculation purposes and following Komives et al. [2] we consider all households in the bottom 40 percent of income distribution as the poor population.
According to our estimates the value for Ω associated with the economic subsidy equals 0.9270, while the Ω associated with the direct subsidy equals 0.9602. According to these values, wealthy populations benefit more from both subsidies than the poor. This is particularly true for the case of economic subsidies.
where is the proportion of poor households with access to the public water network, | is the proportion of poor households that are actually connected to the network (i.e., that reported having access to piped water within the property, conditional on having access to the public water network), and | is the proportion of connected poor households that actually receive some subsidy. Just as with the previous measure, we consider all households in the bottom 40 percent of income distribution as the poor population. Finally, we assume that a household has access to the public water network if the household reported having access to piped water within the property or if the household reported having access to piped water from a neighbor or from a public pipe.
Our estimates suggest that the error of exclusion associated with the economic subsidy equals 19 percent, while the error of exclusion for the direct subsidy equals 30.46 percent. This measure suggests that the economic subsidy happens to be better at targeting poor households, when compared to the case of direct substitutes.
Impact of the Subsidy
This dimension is aimed at evaluating how important is the value of the subsidy as a proportion of the household's income. The following graphs ( Figures 10 and 11 ) compare the proportion of the total subsidy going to households in each income decile, with the average value of each subsidy as a proportion of the average household income. Notice from the graphs that the distribution of the subsidy across income deciles is skewed towards the right, meaning that a higher proportion of the total subsidy is directed towards the wealthiest populations, both for the case of the economic and the direct subsidy.
In terms of the material impact of the subsidy, notice that among the poorest decile, the direct subsidy ( Figure 10 ) represents about 4 percent of the average household income, while it seems to represent about 1 percent that of the richest deciles. In terms of the economic water subsidy ( Figure  11 ), these differences seem to become more significant as the average economic subsidy represents about 20 percent of the poorest household's average total income, while it seems to be only about 4 percent for the case of the richest households. The Table 7 below presents the subsidy performance by state. Notice that although at a national level, our estimates suggested that both types of subsidies were regressive, at the state level our estimates are somewhat different. Notice that according to the table some states are better at targeting the subsidy to the poor than others. In terms of the material impact of the subsidy, notice that among the poorest decile, the direct subsidy ( Figure 10 ) represents about 4 percent of the average household income, while it seems to represent about 1 percent that of the richest deciles. In terms of the economic water subsidy (Figure 11 ), these differences seem to become more significant as the average economic subsidy represents about 20 percent of the poorest household's average total income, while it seems to be only about 4 percent for the case of the richest households.
The Table 7 below presents the subsidy performance by state. Notice that although at a national level, our estimates suggested that both types of subsidies were regressive, at the state level our estimates are somewhat different. Notice that according to the table some states are better at targeting the subsidy to the poor than others. For example, one can observe that in Quintana Roo, the direct subsidy appears to be progressive and to benefit poor households more heavily. However, the data also suggest that the state exhibits a large error of exclusion, just as with the case of Guerrero. According to the estimated Economic subsidy, Guerrero presents one of the most progressive economic subsidies. On the contrary, Quintana Roo is estimated to have a regressive subsidy system under this measure.
To this point, we have been able to provide an analysis of the residential water subsidies and their targeting performance, especially regarding the population they serve and how good they are reaching poor households. However, we consider that the above analysis somehow neglects those households without piped water within the property. From Table 8 , one can observe that among the poorest deciles of income, around 19 percent of the population lack access to piped water within the property; 80 percent of these households are located in rural areas (which lack piped water infrastructure) and have a head of household with no more than an elementary school education. 
Conclusions
This section presents a brief discussion of the answers to the four central questions we asked at the outset of the paper, followed by the main findings of the analysis.
Discussion
Are existing subsidies effective at ensuring affordability for the poorest in society?
It is usually accepted that for water service to be considered 'affordable' for household consumers, it should represent no more than 3 percent of household expenditure. In the case of Mexico, our estimates show that this premise is fulfilled, even in the lowest income decile (Table 6 ). However, our analysis only included population with access to piped water and therefore neglects a segment of the population without access to piped water. In the poorest decile of the income distribution, for example, there is a 19 percent of households without access to piped water (Table 5 ). Therefore, one cannot talk about effective affordability when a considerable segment of poor households does not have access to the service.
What is the proportion of subsidies that accrue to people at different income levels?
The analysis suggests that water subsidies in Mexico are regressive. Because households in higher income deciles are more likely to have access to piped water than households in the poorest deciles, a higher proportion of the subsidy goes to the wealthiest members of the population. Table 7 and Figures 8-11 illustrate how subsidies accrue to the different income levels and their proportion in the household's income. Our calculations show that most of the benefits accrue to the non-poor.
3. Do the poor tend to pay a higher/lower price than the rich for water?
The analysis suggests that although the rich deciles tend to pay a nominally higher price than the poor deciles for the water service, proportionally (that is, as a proportion of their household total income), the poor deciles spend a larger portion of their income when compared to the rich ones. Tariffs for water services vary significantly across cities in Mexico. A bathtub of water in high-tariff cities can cost 8-10 times more than in low-tariff cities in Mexico, while some middle-class households pay no direct fees for water (Figures 2 and 3) .
The importance of redesigning subsidies from the public finance perspective is essential in reducing investment gaps in the sector. In many developing countries increasing investment in water and sanitation infrastructure is a priority (it has been estimated that worldwide, about 2.2 billion people do not have access to safely managed drinking water services and that about 4.2 billion people lack access to safely managed sanitation services [29] . Closing the gaps in the accessibility, quality, and availability of water and sanitation services should be at the core of government funding and planning strategies. Increasing annual investments in the sector would reduce the share of people without access to these basic needs. This could also be the case of Mexico if investment needs in the sector can be reached and the release of public sector funds to this end can contribute to enabling access to these essential services to the poorest. 4 . What are the key determinants of targeting performance (access and subsidy design factors)?
In explaining the targeting performance, this paper reviewed the importance of different access factors (e.g., access to the network and connection uptake rate) and subsidy design factors (e.g., targeting of beneficiaries, rate of subsidization, and consumption level). Table 9 presents a summary framework of the determinants of the various subsidy performance indicators for consumption subsidies. Table 9 . Determinants of consumption subsidy performance.
Benefit Incidence
Beneficiary
Incidence Material Impact of Subsidy
Indicator Ω
Error of exclusion (% of poor not benefiting from subsidy)
Subsidy as a percentage of total household income or consumption (among subsidy recipients who are poor)
Access factors
Access ratio: Access to network in household's neighborhood X X Uptake ratio: Uptake rate among households with access X X
Subsidy design factors
Targeting ratio: Share of eligible households targeted for subsidy X X Subsidy rate ratio: Average rate of subsidization among beneficiary households X X Quantity ratio: Average quantity consumed among beneficiary households X X Cost: Average cost of production, transmission, and distribution X Source: Authors' elaboration using Komives et al. [2] .
Main Findings
Subsidies provided to residential water utility customers are well liked by some politicians, utility administrators, and utility service customers. Utility subsidies are perceived to help make utility services affordable for poor households. They are also seen to keep service affordable while governments seek to increase average prices to improve the financial viability of utilities and scale back the heavy fiscal transfers many utilities receive [2] [3] [4] . They are also a social policy instrument, as they act as a tool for income redistribution. However, large, growing, and long-lasting subsidies provided to residential consumers in the water and sanitation sector in Mexico are having adverse consequences in terms of allocative and productive efficiency, financial sustainability, and equity. Moreover, there is a concern that they are not well-targeted to the poor.
The findings of our analysis indicate that the most common forms of residential water utility subsidies in Mexico-quantity-based consumption subsidies-are highly regressive. A large segment of poor households is excluded from these subsidies, and most benefits accrue to the non-poor. Prospects for achieving a progressive incidence of subsidies are potentially better with other targeting mechanisms, such as means-testing or geographic targeting mechanisms. However, low coverage and metering levels-prevalent among the poorest income deciles-seriously jeopardize the chance that any consumption subsidy scheme will reach the poor.
In places where coverage of WASH services is low, subsidies targeted to low-level consumption or subsidies intended to foster public network connections are better alternatives. However, the actual performance of these subsides will depend on the response of poor households. Targeted subsidies may not reach poor households whenever price is not the principal barrier to connection or if demand for alternative services (such as public taps) is low [3] . Having said that, it is worth noting that for some consumption subsidies, the 'metering rate' is another subsidy design factor that also determines who the beneficiaries of the subsidy will be.
In Mexico, due to the complexity of the legal framework and the way in which water services are organized, there is not a system of targeting that comes naturally. This paper and several other studies (the most recent Morales-Novelo et al. [9] ) confirm that quantity-based consumption subsidies-specifically increasing block tariffs (IBTs)-are decidedly regressive and do not perform well in Mexico. To find the best alternative in the case of Mexico, alternative forms of targeting-whether they focus solely on better identifying families in need or whether they also involve quantity mechanisms-should be considered carefully. Two examples that come to mind are Chile (that uses means testing as a targeting method) and Colombia (that uses geographic targeting).
While different mechanisms could improve subsidy targeting, they may do very little to address the underlying access differential between the poor and non-poor, as only households with access to water services are potential beneficiaries of the subsidy. As such, we might want to think about water subsidies as something that can benefit only certain households and look to other policy interventions for ways to deal with income inequality and access to WASH services.
Finally, it is worth noting that the distributional incidence of consumer utility subsidies allows only a partial look at the performance of utility subsidies. There are several purposes at work in the design of tariffs for water services, only one of which is a genuine concern for providing subsidies and affordable service to the poor. Thus, the goal of this paper is to draw together empirical evidence to address a long-standing question in the ongoing debate about the design of water utility tariffs and subsidies: to what extent do consumer utility subsidies benefit the poor? Approximating an answer to this question may be more valuable than making specific recommendations about the best approach for charging for or subsidizing water utility services.
